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1. Introduction

1.1 In 1962 a memorandum prepared by British Standard Institution Technical
Committee ACE13 (Cables and Wire for Aircraft) indicated that it had been
working oy the revision of existing British Standards W.9 and W.11 for
flexible wire ropes for aircraft controls and the preparation of a new
standard for future use, on the lines most likely to be acceptable as an
A.B.C. and world (I.S.0.) Standard. The Committee had also decided that
both the revisions and the new standard should include an endurance test,
since this is a requirement of the equivalent American and European
(A.I.C.M.A.) stawdards and also because of the higher speeds and longer
life (in terms of flying hours) of modern aircraft.

The recults of a programme of work done on the endurance testing of
wire ropes by Hawker Siddeley (Havtlland Division) Ltd., under conditioni
closely similar to those obtaining in aircraft control oirouits, 3ndioated
that the American and European (A.I.C.M.A.) endurance test is unrealistic
in the light of modern aircraft installations. B.S.I. Technical Committee
ACE/t3, therefore, agreed on the principles of a new endurance test method
and drew up a proramse of tests to provide a basis for suitable test
conditions which would more closely simulate actual cperating conditions.
A.I.D. Laboratories were requested to carry out the necessary development
work to provide a suitable test for inclusion in the relevant British
Standards and for submission to I.S.O., to A.I.C.L.A. and to the United

States for possible world wide adoption*

1.2 In view of the foregoing, the vork covered by this report was undertaken
and while the primary objective was to provide a new endurance test, the
progreme of tests was also designed to provAde thei maximum amount of basic
information on the behaviour of flexible wire ropes which would be useful
to aircraft designer and wire rope manufacturers and users.

The complete programe of tests covered 27 varying test conditions,
with at least 6 separate samples at each test condition. In August 1966
an interim report, number AD/DlV/92/66, covering the results of 6 of the
27 test series was issued-o All the test series are detailed in this
report.

1.3 The Flexible wire rope used for the whole programme of tests was
specially manufactured, in a continuous 6,000 feet length, to draft
British Standard Specification W,.000 (now British Standard 1.12). Wnis
length of rope was j inch diameter and was lubricated during manufacture
with Aeroshell MUM 14, anti-fret lubrioant. (British Specification
D.T.D.900/4609A, US specification WtLL-G-25537A, NAT0 Code Io. 6-366).
None of the samples used were pretreated in any way before testing.

2v DescriDtion of Atgaratua

2.1 The machine used for all the tests is illustrated at Photograph A
and Figure 1 shows the wire rope circuit and pulley arrangeMents. Full
details of the machine were given in Report No. AID/DEV/9266. A saoond
machine was built and used, identical with the first, except that it was
fitted with a motor and reduction gear suitable for cycling speeds of
100 cycles per minute.
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2.2 All the pulleys over which the rope was reciprocated were manufao-
tured from steel heat treated to give a hardness of Hv.700 (fookwell 0.60
and ground to a fine finish of 32 micro inches C.L.A.; each pulley wa.
mounted on standard self aligning ball bearing as used in aircraft control
systems. Pulleys A, B and C .ere 4*.5 inches in diameter and were used
throughout the tests while pulleys D, E, F, G and H were either 2.25, 2,5
or 2.75 inches diameter as required by the test programme; these three
diameters are equivalent to 18d 20d or 22d, (where d is the nominal
diameter of the rope under test). The rope groove in all 8 pulleys was
0.0672 inch (f x 1.075) radius,. ground to an envelope tolerance of + 0.001
inch width.

2.3 Rope tension is monitored throughout each test by means cf strain
gauge weigh bars, Fig. 2., which are inolude in the rope circuit. The
tension is measured at a central multipoint strain gauge bridge to an
accuracy of + 1%.

2.4 Each machine has duplicate pulley systems so that 2 samplea *an be
tested under similar test conditions simultaneously.

3. Methods of Testing

3.1 The full programme of testing is given in Table I and this programme
was arranmed around a series of control values of pulley diameter, rope
tension and cycling speed.

These control values were:-

Pulley diameter 2.5 inches (20d)
Rope tension 140 lb. (7% of the nominal breaking

strength of the rope)
Cyoling speed 25 cycles per minute

The oriinal programme called for alternative pulley diameters of
2.25 inches (i8d) and 2.75 inches (22d), alternative rope tensions of
12% and 16 of the nominal breaking strength of the rope and alternative
cycling apeeds of 18 and 50 cycles per rinute. The initial tests,
however, indicated that cyloing speed might not materially affect the
results ana in order that a saving in test time could be made, the first
of the cycling speed alternatives was changed to 100 cycles per minute.
It was also considered that this change might give a practical advantage
when the final test conditions were evaluated.

3.2 For each type of test carried out, a minimum of 6 samples were tested.
and a length of approximately 21 feet was needed for each of these
individual tests.

3.3 During the period of each individual test the machine was stopped a
number of times for inspection of the rope-pulley contact areas. The
extent of wear and the numbers of visible wires broken at each of the 5
pulley positiona was recorded at each of these inspections. Tables 2 to
28 show the progression of wire failures for each test series. When
more than 12 wire breaks were found at any one pulley position the test
was discontinued.
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3.*4 At the conclusion of the endurance test programme the breaking strength
of approximately a quarter of the samples was determined. Each sample was
tested at the positions where it had been in contact with puilleys E, F and
G and also at an undamaged section of the rope.

3&5 As detailed in Report No. AID/DEV/92/66, observations were made on the
twisting effect as the rope passed over the various pulleys and on the
degree of transverse slipping between the pulley surfAce and the rope.
Records were also kept of angular pulley slip during each period between
inspections.

4o. Test Results

4*.1 Tables 2 to 28 show the number of visible wires broken during the
course of etoh individual test in Each of the test series. These details
are listed separuatoly for each of the 3 pulley positions E, F and G. The
numbers of wire breaks at pulleys D and H were so few that only the totals
at the end of each test are given. The information listed in these tables
has been plotted graphically, in the form used in report No. AID/DEV/92/66
figures 2 to 19 arid 22. It is considered, however, that to include the
large number of graphs necessary to cover the whole programme would defeat
the object of providing readily compar-able values for all the variables
involved. To overcome tbis difficulty a statistical analysis of all the
results is being prepared with the assistance of the Mathematical Department,
Royal Aircraft Establishment, and will be presented in Part 2 of this Report.

"4.2 A series of residual breaking strengths from damaged sections of

a number of the rope samples used in the programme, is given in Table 29 and
these values, expressed as a pero-ntage of the breaking strength of
undamaged sections of the same r -s, are shown graphically agsinst numbers
of visible broken wires in Figure 3.

4.3 As each test progressed it was found tbat the rope sample stretchea
slightly, this extension was measured and recorded at each inspection. The
values noted for each of the series tested at 100 cycles per minute and at
the three tension levels (ieee test type numbers 1, 10 and 19; 4,, 13 an&
22; and 7, 16 and 26) are shown in Tables 30 to 38. All these extensions
were collated into a series of intervals of numbers of cycles knd are shown
in Tables 39 to 41o The average extension for each interval was
caloulate& and plotted against the logarithm of thm mean number of cycles
within each interval, thib graph i shown at Figure 4.

4.4 As was mentioned in report number AID/DEV/92/66 an attempt was Made to
evaluate the amount of angular pulley slip which occurred during eaoh tert.
Readings were taken, at each irspeotion, of the angular pulley movement
relative to a 6atum point in the machine frameý In order to get a more
detailed understanding of this movement, a series of time-lapse oine
photogmaphs were taken during the whole period of some of the tests. These
photographs indicated a random movement, both clockwise and anti-Olookwise,
and one series even showed a reversal of direction during the test. The
total amount of movement also varied considerably from a part of one
revolution to several complete revolutions. In view of this evidence it
was consi4ered impossible to give acour .te values for this slip and the
figures recorded have been ignored.
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5. DisCussion of Results

5.1 Part 2 of this report covers the effects due to variations of pulley
size, rope tension and cycling speed as shown by a statistioal analysis
of the whole series. Comparative graphs have been plotted and these have

confirmed that considerable increases in rope life can be obtained by small
increases in the rope/pulley diameter ratios and, as might be expected,,
increased rope tension considerably reduces the rope life. An unexpected
increase in rope life was found to result from an increase in cycling
speeds.

5.2 The earlier report indicated that the most significant factor was the
damaging effect of small wrap angle pulley/rope combinations. The wire
wear and fatigue failure observed throughout the whole series of tests has
confirmed this supposition as this damage has been confined almost
exclusively to those pulley positions which have an angle of wrap of 15

5.3 At the conclusion of all the enduran'je tests, app~roximately a quarter
of all the test samples were subject to tensile test to establish:-

(a) the breaking strength of an undamaged portion of the rope sample,
and

(b) the residual breaking strength at each of the three pulley
positions E, F and G.

As will be seen from Table 29 and Figure 3 there is no obvious relation-
ship between the number of visible broken wires and residual breaking
strength,, In view of this a number of the broken samples which had
given iL; residual strengths were examined. This examination revealed
that those samples which had been tested at the highest cycling speed
and/or at the highest rope tensions exhibited wear, indentation and, in
sone instanoes, fatigue failure of the wires forming the central strand.
During the early tests, which were all carried out at the lower oyoling
speeds and at the lowest rope tension, a similar examination of the
samples which were tensile tented, gave no indication of wear or fatigue
in the central strand.

5.4 The extension of the wie rope used in this series of tests would
appear to be dependent on the number of reversals to which it is subjected
and also to its tension. The pulley diameter, within the limits used in
the tests. would seem to have virtually no effect on this extension*
Extension values from all the tests carried out at 100 cycles per minute
and at each of the three rope tensions were examined and it was found
that th 4 q extension largely occurs in the early stages of testing and is
directly proportional to the logarithm of the number of cycles undergone.
Figure 4 shows this relationship for each rope tension. The greatest
amount of extension noted was less than 0*151 of the original leith of
the rope tample.

Before installation in an aircraft control system. most wire ropes
are pre-stressed to a load equal to approximately 60•b of the nominal
breaking load. As none of' the test lengths of rope used in this
programme have been subjected to this pre-stressing it cannot be assmued
that the amount of extension noted will be completely similar to that
which takes place during the workin6 life of a control rope. The figures
obtained, however, could provide designers and inspectors with a useful
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±n&ieation of the percentage extension which might be expected at various
stages of the life of any control system rope of similar size and
oonstruotion to that used in these tests.

5.5 Time-lapse oinephotogtaphy and observation during the course of the
variouts tests has established that some slipping occurs between pulley
and ronpe, to o g3ater or lesser extent at all the pulley positions
Sirres•pective of the wrap angle, although it has not been possible to
obtein reliable values for the amount of th'.s slip. From the information
which has been obtained, hcowver, it would seem probable that this slip
umght contribute some slight wcar to the rope surfaces in contact with the

S1)113 sy,

S(• Conclusions

0 , As was reported earlier the most significant factor shown by these
tests i4 the considerable amount of damage sustained by the rope where it
passes over a pulley with a small wrap angle; furthermore, the only
visible broken wires were those which had been in direct contact with the
pulley and which showed considerable wear.

As a rope passes over a pulley the 1Lelical formation of its outer
strands imparts to it a twisting action. Photographic evidenoe during
the early tests showed that when the angle of wrap between rope and pulley
is 900 or more, this twisting movement is quite smooth with no sign of
supsrimposed movements transverse to the general directicn a! twist.
Similar ovidenoe from sections of rope adjacent to the 150 wrap a4gie
pulleys shows this same twisting movement but, with a seriss of smal1i.
movements superimposed, these are transverse to and in the reverse
direction to that of the general twisting movement. Those movements can
be directly related to the number of stra-ds passing over the pulley. It
would appear that with these small wrap angle conditions the rope twists
but, at the pointn where each strand passes over the pulley and when the
friction between rope and pulley is at a minimum, a small amount of the
twist is released. The rope thus passes over the pulley in a &eric-s of
twists and partial releases, these movements are considered to be directly
responsible for the rapid wear of the wires which are in direct contact
with the pulley surface. The greater contact area of the 900 wrap angle
pulleys no doubt restrains this reverse movement and could account for
the very few wire breaks observed at these pulley positions. It had
been hoped to carry out further work to completely investigate this
mechanism of wear and subsequent fatigue failure but this has not yet
been possible.

6.2 Although the early tests had indicated that this method of endurance
testing would tend to confine the wire failure to the external contact
surfaces of the rope the later tests have shown that this supposition is
not true for all the various oonditions of test involved by the programme.

Examination of many more of the endurance test samples will be
necessary to obtain precise information of the conditions of test which
produces fatigue failure of surfaces wire only and of those conditions
which result in both external and internal wire damage and failure. The
information so far available suggests that an acceptance criterion should
be based on residual strength, as in the American speolfloatinns, rather
than on numbers of visible wire breaks.
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6.3 This programme of tests has completely confirmed that both the pulley/
rope diameter ratio and the rope tension have a very critical effent on
the endurance life of the wire rope. Although no hard and fast minimum
values for all. sizes and constructions oan be formulated without more
experimental work it is considered that pulley/rope diameter ratios below
20 and rope tensioning loads greater than 7% of the specified nominal
breaking load should be avoided in control system design.

6.4 Because of the many combinations of test conditions which had to be
met by the programme, and in order to obtain a useful amount of info.'ma-
tion in the shortest time, only one size of rope was tested. In view of
this limitation it is not yet possible to specify final test conditions
which could be incorporated in the relevant British Standards.

The statistical analysis detailed in Part 2 of this report (due for
publication in approximately 6 weeks time), provides information for
tentative recommendations for the test conditions which could be expected
to give the most consistent endurance values with a test duration
comparable with existing methods. The conditions are being included in
the current test programme and it is expected that the additional informa-
tion required for more definite recommendations should be available within
the next 12 months.

6.5 Although the work covered by this report has not yet resulted in
concrete proposals for an endurance test which could be included in the
British Standard Specification for flexible wire ropes for aircraft flying
controls it has provided a new test method which is considered to be more
realistic than existing methods and it has also provided information on
the behaviour, under conditions similar to those 3n an aircraft circuit, of
wire rope which should be very usefal to aircraft Iesigners and wire rope
manufacturers.

S7. Further Work

7.1 The whole programme of testing detailed in this report was carried
out on the machines built to the original design described in Report No.
AID/DrV/92/66 arA, as was envisaged in this report, these machines have
proved very successful for this type of research programme. Further
work to evaluate test parameters for other rope sizes and constructions and
to determine the effects on rope life of coating pulley surfaces with
non-metallic materials is contemplated. However, as this machine design
is not considered to be suitable for production testing, a new machine
has been designed and built and is illustrated at Photograph B and Figure 5.
This machine, while still simulating the more severe conditions likely to
occur in aircraft control systems, is compact and can test 8 comparatively
short rope samples at any of the various conditions of test likely to be
suggeated for inclusion in the specifications.

Preliminary tests have shm-n that the pattern of wire wear ana mode
of failure produced by thi new machine is very similar to that produced by
the original machines. A new programme of testing has been started with
thi6 nsw equipment to establish that the results obtained are comparable
with those obtained in the original machires.
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TABLE 1

PROGRAI•U 0• ESTS ON IN. DIA. CARBON STL WIRE ROPE

'EST ROPE SIZE FULMEY STROKE RATE QM ROPE TENSION lbof.
TYPE DIA. CYCLING Peroenta e of Breaki" Load
NO* IN. DIA. D. IN. + i Do j ycles/min. 7% 2; 18ý

1 2.25 1.50 100 140 - -•2 " " i 25 " --
3 K i " 50 "-4 " " 100 - 240 -

5 """25-"-
6 50 -
7 "" 100 3608 """25--"
9 """50--"

10 2.50 1.67 100 -
1" It "t 25

12 50 " - -
13 "100 - 24
14 " 25 -
15 " " 50 - " -
16 100 - - 360
17 25 - -
18 50 - -
19 2.75 1.83 i0o 140 -
20 " 25 - -
21 " 50 -
22 "Ic) 240 -
23 25 -
24 50 - 0

100 - - 360
26 " " "5 - -
27 "_ _ L. 0. - 1 -"

TABIL I
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PEROTAGE REDUCTION LN STRENGTH DUE TO RMRN AND BROMEN WIRES

Breaking Breaking Percentage
Load Load Pretg

Test Sample Pulley No. of Visible (Undamaged (Worn Reduction
Type No. No. No. Bokfn Wires Section) Section) of Strength

LIbf bf lbf

5 2 E 8 1859 1812 2.52
F 16 1702 8.44
G 1 1837 1.I1

4 B 11 1848 1781 3.62
F' 13 1747 5.46
G 8 174C, 5.84

5 E 3 1857 1830 1.45
P 14 1635 11.95
G 14 1736 6.52

6 3 E 5 1830 1799 1.69
3' 12 1702 6.99
O 1 1714 6.33

5 3 13 1832 1774 3.16
7 8 1698 7.31
G 11 1841 0

8 1 3 14 1864 1514 18.77
S10 1676 0.08

o 17 1561 16.25

2 3 21 1864 1590 14.69
P 10 1707 8.42
G 14 I 1644 11.80

3 N 10 1823 1658 9.05
7 12 1624 10.91
G 10 1723 5.48

4 2 21 1850 1646 11.02
7 8 1714 7.35
G 20 1664 10.05

5 3 11 1859 1707 8o17
P 12 1534 17.48
0 10 1707 8.17

6 - 7 1859 1696 1 8.76
17 1702 8.44
6 1705 8.28

TABLE 29



REi D ToWORN AND BROKN WIRES

Breaking Breaking Percentage

Load Load
Teut Sample Pulley No. of Visible (Undamagd (Woa Reduction

Type No.. No. 1o. Broken Wires Section) of StrengthSectin on bf
lbf lbf

9 6 E 7 1855 1848 0.37
F 16 1810 2.42
G 2 1846 0.48

10 2 E 4 1873 1568 16.28
F 12 1801 3.84
G 4 1711 8.64

3 E 8 1837 1814 1.26
F 7 1734 5.60
G 12 1792 2.44

6 E 12 1875 1725 8.0
F 7 1812 3.36
G 9 1752 6.56

13 2 E 11 1864 1738 6.75
F 12 1297 30.41
0 5 1725 7.45

3 B 3 1859 1774 4.57
" 13 1785 3.8

o 6 1810 2.63

4 3 9 1866 1819 2.51
Fl 12 1465 21.48
G 11 1749 6.27

5 E 6 1839 1781 3.20
F 7 1684 8.42
G 21 1664 9.51

14 2 z 6 1857 1823 1.83
F 13 1835 1.18
G 9 1850 0.37

3 E 6 1846 1859* 0
F 20 1758 4.76
C- 5 1850 0

4 E 14 1857 1642 11.57
F 14 1714 7.7
G 10 1781 4.09

5 E 6 1859 1823 1.93
F 7 1826 1.77
G 17 1756 5.54

6 3 14 1864 1684 9.65
F 12 1606 13.84

I _ G 16 1593 14.53
*Rope Broke in Grips TABLE 29 Continued



H
PERGEY .AGE REMUCTION IN STRENTTH, DUE TO W•ORN AND BRUEN WIlRES

.. .Breaking Breaking[ ..

Load Los• Percentage
Test Sample Pulley No. of Visible (UTO_ (Lad Lorn Reduction

Type No. lo. NO. Broken Wires S e (won StrengthSectin) Sction ofIbf
lbf Ibf

15 4 5 1846 1855 0
6 1859 0

G 14 1767 4.27

16 1 E 6 1864 1814 2.68
F 15 1711 8.20
G 16 1763 5.41

2 E 5 1852 1796 3.02
F 11 1644 11.23
G 13 1779 3.94

3 E 14 1864 178i* 4.45
F 5 1i81* 4.45
G 15 1855 0.48

4 E 18 1868 1781 4.65
F 3 1866 0.10
G 11 1879 0

5 11 1861 1702 8.54
21 1756 5.64

G 12 1770 4.88

6 B 8 1864 1781 4.45
P 14 1747 6.27
G 15 1788 4.07

19 1 B 11 1861 1420 23.69
' 2 15.9 9.24

15 1313 29.44

2 E 17 1841 1734 5.81
F 1 1868* 0
G 14 1749 4.99

3 2 6 i852 1613 12.90
F 2 1510 18.46
G 13 1028 44.49

4 E 16 1852 1590 14.14
2 1702 8.09

G 8 1615 12.79

11 1852 1752 5.39
6 1761 4.91

-O L12 1548 16.41

*Roe Broke in Gri-a TABLE 29 Uontinued



FERCENTAGE REDUCTION IN STRENGTH DOU TO WORN AND BROKEN WIRES

SBreaking Breaking Percenta6eLoad Load edto
rTest Sample Pulley No. of Visible (Undamaged (Worn Reduction

Type No. No. No. Broken Wires Section) Section) of Strength

I lbf lbf lbf

24 2 E 12 1859 1653 11.12
F 5 1792 3.61
G 6 I 1846* 0.69

5 S 14 1868 1788 4.28
1 2 1875 0
G 5 1841 1.44

25 3 E 10 1857 1794 3.39
F 16 1828 1.45
G 14 1832 '.34

-- . ______________

26 1 E 8 1850 1743 5.78
F 8 1734 6.27
"" 15 1711 7-51

2 E 3 1855 1720
p 13 1790 3.50
G 6 1767 4.74

, - - IJ -- L t ,'

3 E 15 1859 1754 5.64
F 8 1763 5.16
G 6 1799 3.22

4 E 12 1855 1785 3.77
r 1o 1745 5.052
a 16 1662 10.40

5 E 15 1,35 1767 4.74F 7 1743 6.03
- 10 1848 0.37

6 E 15 1848 1 870 0
F 15 I 1779 3,73
G 9 1859*, 0

- - -- I - I "- "' -

2" I E 15 1866 1-63 5.62
S5 I •7 5.62

___j 1575 15.68

2 E 7 1868 1832 1.92
F 6 1817 2.73
G 15 1714 8.24

3 E 9 1841 1575 14.44
It 6 1770 3.85
G 17 1__732 5.92

*hope Broke in Gripe TABLE 29 Continued



TEST TYPE 1

HOPE TESION 140 DJULM DIAMETER 2.25 INBCUS. SPEED 100 CYCLES/iXM

Measured Extension, Inch

Cycles Sample Nubers
Completed -....

1 2 3 4 516 7 8

22,000 0.107 0.096
25,000 0.102 0.102 0.122 0.100 0.136 0.095
30,O00 0.115 0.105
35,000 0.140 0.127 0.127 0.115 0.151 0.120 0.149 0.115
45,000 0.149 0.141 0.139 0.131 0.166 0.120 0.150 0.136
55,000 0.167 0.150 0.143 0.137 0.142 0.173 0.137
60,000 0.139
65,000 0.154 0.166 0.184 0.150 0.180 0.157
70,000 0.181 0.176
75,000 0.1.58 0.173 0.186 0.191 0.169
85,000 0.178 0o185 0.203 0.170 0.193 0.180
95,000 0.182 0.193 0.207 0.175 0.195 0.182

105,000 0.191 0.179 0.210
107,000 0.191
115,000 0.230
117,000 0,213 0e212
126 ,000 0,;0221
1,38000 0.223 0.223

146o000 0.190 0.242
148,000 0.242

Numbers of Cyc•_-ýi completed, rounded off to nearesf, 1000.

TABL 30
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TEST TYPE 10

RPE TENSION 140 lb. PULLEY DIAMT 2.50 INCH. SPED 100 CYCT/SiAIJ'TE

Extensiont Inch

Cyclee Measured Sample NumbersCompleted, ,

_ 2 3 4 5 6

30,0o0 o .1 001 0.095
40,000 0.105 0.123 0.214 0.129
45,000 0.132 0.129
58,000 0.148 0.144
659000 0.135 0.144 0.252 0.169
80,000 Oo 174 0o142 0.160 0.262 0.176
84,0oo 0.166
90,000 0.162 0.266
95 ,0C'* 0.179

1000:) 0.177 0.167 0.176 0.274
105,000 0.177
113,000 0.185 0.181
115,0OO 0.203
125,000 0.207 o.182 0.188
135,000 0.207
145,000 0.202
148,OOO 0.203
150,000 0.218
160,000 0.207
170,000 0.214 0.225

Numbers of cycles completed rounded off to nearest 1000.

TABV. 31



S~ T•.T TYPE 1 9

ROPE TNION 140 lb. PULLEY DIA1MTER 2.75 INCHES. SPEED 100 CYCLES/.NUTE

Measured Extension, Inch
Cycles Sampla Numbers

Completed .-.-...-

21 -2 3 4 5 6

100,000 0.177 0.173
150,000 0.185 0.172 0.200 0.165
160,000 0.201 0.217
250,000 0.250
251,000 0.248
260,000 0.210 0.204 0.223 0.181
320,000 0.265 0.265
400,000 0.250 0.230 0.259 0.222
401,000 0.281 0.283
427,000 0.257 0.269
438,0e 02.2325009000 0.29r5 0.298
550,000 0-256
601,000 O.:271

i TEST TYPE 4

.PE TE.NSION 240 lb. PUJLL"EY DIAMM. 2.25 INCHE. SPEED 100 CYCLES/MNUTE

Measured Extension, Inoaes

Cycles Saiple Numbers
Completedb

1 3 4 5 6

41,1000 O.160
15,000 0.137 0.123 0.187 0.130 0.154
20,000 0.143 0.125 0.151 0.159
25,000 0.203 0.147
30,000 0.169 0.173 0.167
31,000 0.179 0.198
34,000 0.232
37,000 0.174
40,000 0.18'?
41,000 0.233
43,000 0.190 0.202
50,000 0.200

Numbers of cycles completed rounded off to nearept 1000

TABLE-33



ROPE TENSION 240 lb. PULLEY DIAMETFR 2.50 INCHES. SP=m 100 CYCLEBSAMR

Measured Extension, Inch

Cycles Sample Numberscompleted I..... ...-

1 2 3 4 5 6

15,000 0.132 0.107
20,000 0.150 0.126
30,000 0.177 0.188 0.142 0.250
40,000 0.194 0.193
45,000 0.218 0.174
46,000 0.225 0.280
60,000 0.230 0.225
61,000 0.231 0.259 0.196 0.307
76,000 0.243 0.215
81,000 0.258 0.283 0.220 0.284

TABLE 34

TEST TYPE 22
.1_PE MIR. .ON 240 lb. PULEY DIAMMTE 2.7,r INCHES. SPEED 100 CYCIE•QWT

I %Aasured_ Extensiong Inch

Complet, Sample NumbersCompleted. .. .. . .

1 2 3 4 5 6

30,000 0.177
40,000 0.253 0.184 0.193
45,000 o.168 0.178 0.198
52,000 0.215
60,000 0.182 0.215 0.210 0.225
65,000 0.287 0.235
75,000 0.208 0.250 0.229
80,000 0.311 0.239
82,000 0.258
90,000 0.257
95,000 0.339

10,0 V) 0.258
110,000 0.351
120,000 0.287
125,000 0.374
130,000 0.305
148,000 0.321

Numbers of cycles completed rounded off to nearest 1000

TABLE 35



TEST TYPE 7

ROPE TENSION 360 lb. PULLEY DIAMER 2.25 INOHES. SPEED 100 CYCLES9L9NUTE

Extension, Inch

Completed - Measured Sample Numbers

1 2 3 4 5 6

8,000 0.173 0.158
9,000 0.155 0.176

10,000 0o149 0.172
12,000 0.193
13,000 0.162 0.172 0.175 0.178
17,000 0.185 0.213 0.232
189000 0-245 0.210 0.221
26,000 0.256 I 0.233
31,000 0.295 0.268

TABLE 36

TEST TYPE 16

RoPE TUSION 360 lb. PJULLEY DIAM 2.50 nCHS. SPEE 100 CYCLES/M T

Measured Extension, :'nch

Cyopte Sample Numbers::r Completed

___ 1 2 3 4 5 3 6

10,000 0.472 0.188 0.191 0.166 0.189 0.194
15,000 0.180 0.221 0.226 0.196 0.222 0.220
20,000 0.207 0.237 0.217 0.234
21,000 0.260 0.266
25,000 0.249 0.276 0.273
26,000 0.265 0.267
30,000 0.256 0.288
31,000 0.305 0.306
35,0o0 0.270 0.300
37,ooo 0.314

_

I
I



UST TYPE 25

HPE TSION 360 lb. PULLEY DIAMETER 2.75 INCHES- SPEW 100 CYCLESA&_

Measured Extension, Inch
Cycles Sml ubr

Completed . .. .. umber -

2 3 4 5 6

18,000 0.216 0.253
20,000 0.240 0.269 0.226 0.225
24,000 0.240 0.284
26,000 0.276 0.272 0,284 0.232
31,000 0.301 1 0.336
32,0o0 0.310 20.308

33,000 0.313 Go267

37,000 0.314 032""
40i00o 0.332
43,000 0.339
44,0o0 0.323 0.3691
4,5000 0.331 0.368 0.380

Number ok cycles completed rounded off to nearest 1000

TABLE -8



TEST TYPES 1, 10 and 19

RPE TENSION 140 lb. SPFM 100 CYCLESAMTE

Number of Cycles Fequency of Extension Values RecordedMeasured Inch
Completed Extension Values Minimum Maximum Average

0 to 22,500 2 0.096 0.107 0.101
22,500 to 27,500 5 0.095 0.136 0.107
27,500 to 32,500 4 0.095 0.115 0.104
32,500 to 37,500 8 0.115 0.149 0.131
37,500 to 42,500 4 0.105 0.214 0.143
42,500 to 47,500 9 0.120 0.166 0.138
47,500 to 52,500 0
52,500 to 57,500 7 0.137 0.173 0.150

7ý,5 to 62,500 A 0.1319 0.167 0.148
62,500 to 67,500 10 0.135 0.252 0.169
67,500 to 72,500 2 0.176 0.181 0.178
72,500 to 77,500 5 0.158 0.186 0.175
77,500 to 85,000 5 0.142 0.262 0.183
85,000 to 95,000 9 0.162 0.266 0.190
95,000 to 105,000 19 0.173 0.274 0.190

105,000 to 137,5L00 13 0.181 0.230 0.199
137,500 to 162,500 15 0.165 0.242 0.205
162,500 to 187,500 2 0.214 0.225 0.219
187,50{.) to 225,000 0
225,000 to 2759,000 5 0.222 0.283 0.254
275,000 to 325,000 2 0.265 0.265 0.265
325,000 to 375,000O 0
375,000 to 425,00o 6 0.222 0.283 0.254
425,000 to 475,000 3 0.232 0.269 0.253
475,000 to 525i000 3 0.256 0e298 0.283
525,000 to 675,000 1 0.271

TABLE 39

II



TEST TYPIS 4, 13 AND 22

ROE TENSION 240 lb. SPEED 100 CYCLES/MINUTE

SE FREQUENCY EXTENSION VALUES RECORDED

virihaimINCH
NUMVRM MM AVERAGE

0 to 12,500 1 0.160
12,500 to 17,300 7 0-107 0.181 o0.139
17,500 to 22,500 6 0.125 0*159 O.I4-2
22,500 to 27,500 2 0.147 0.203 00175
27#500 to 32,500 10 0614+2 0.250 0.182

32,500 to 37,500 2 0.174 0.232 0.203
37,500 to 42,500 7 0.184 0-253 0.205
42,500 to 47,500 9 0.168 0*280 0.204
7,500 to 52,500 2 0.200 0.215 0.208

52,500 to 57,500 0
57,500 to 62,500 10 0.182 0.307 0.228
62,500 to 67,500W2 0.235 0-!287 0.261
67,500 to 72,500 0
72,500 to 77,500 5 0.208 0.250 0.229
77,5oo to 82,500 7 0.239 0.311 0.265

82,500 to 87,500 0
87,500 to 92,500 1 0.257
92,500 to 97,500 1 0.339
97,500 to 112,500 2 0o258 0.351 0.304
112,500 to 137,500 3 0.287 0.374 0.322
137,500 to

162,500 1 0.321

TABLE 40



!ir Tfii S 7,16 AND 25

RaOP TENSION 360 lb. SPED 1oo cycLES/mINUTE

m 01 OF CYalES IY EXTENSION VADIJS RMPCRDED
COPLIE S I NSU INCHEXTENSION VAMES VINW 1AXI) AV•=EA

0 to 12,500 13 0.149 0.194 0.175
12,500 to 17,500 12 0.162 0.226 0.200
17,500 to 22,500 16 0.185 0.269 0.232
22,500 to 27,500 12 0.232 0.284 0.266
27,500 to 32,500 9 0.2% 0.310 0.293
32,500 to 37,500 7 0.267 0.353 0.304
37,500 to 42,500 1 0.332
42,500 to 47,500 3 0.e23 0.369 0.344
47,500 to 52,500 3 0.331 0.380 0.360

TABI3 41

4XXa•

I



rT4

PHIOTOORPIii A



PHOT OGRAPH B



t�J.

U 1,

111
F.. ¶1) 4.

0
Oc

z�I

K�LJ

.. o
(4w 1%

'I' �uj F..

IL uJw
g 1%

I.-
�aJ

0
0 a)

if

* -r [LI

1-
a, I

[U
8 .n I..-0

-� 74



-- RESI7SANCE
L--A STRAIN GAUGES

SPRAIN GAUGE WEiGA/BAR

COMPE NSA 71NG 0GALICES

ACT*IVE G34aUGEs

COMPENS.4 rING GA U GES

WI/RINC DIAGRAM

CRos-s SECTION AREA AT- A' AR/ES TO GIVE MA.X. LOA4D
ReANGES OF 200, 500 e ,o/p
C AL16ES SECURED WITH4 EPOXY RESIN ADHESIVE 4AND
WATERIRO OFED WITH ANH EPOXY RESIN COATING.

SACH GAUGc F/AS 11o otims NOMINAL. ResIsTANCE..

FIG 2.
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~11THIRD ANGLE PROJEý

TURNBUCKLE CONNECTING- 1  S-ROPES F 2ECIP120CATING C)DRIVE WMEEL WITH VARIABLE
WJEICHS-A2 TO ORIPS UNDER TE5T IPULLEY~ CAR121AGES STROkE SETTINJGS.

IEACH CARRYING LENGTH4 2 RCOVE D!.'
14 SET-5 OF. PULLE'(S OF

STROKE

ANCHOR SCREW
COARSE TENSIONIN
OF CABLE0

STRAIN GAUGE Wooc"Bs8M
MONIT0RINC, ROPE

I4OTOg STARZTEI-------------------

MOTOR SPEED CONWJTIce
CYCLING SPEEDS-
VARIABLE BETWEEN
25 AND 100 CYCLES/1.q-----

CARRIAG3E WAY(S-

ROPE TIENSION :-7Z. 12X. 18% CORRECT ROPE ANGLE
OF $PtC:IF:It MINIMUM ENSURED BY GAUGING 010'4IIITENSILE OX2!AICING LOtO. WHICH VARIES AS THE

ROPE DIA.
Ill\ LOCATING SLOTS TO

ACCOMMRODATE VARIOUS

Hu IPI0' 
0AEES

14



ANGLE PROJECTION.

NO OI. DJA.Od DIA, __

500 1 0672 2-25 2-58 0~'
-0672 2-5 2-33 20

O 3 .0672 •"75 3.08 1/8 22cS-x 4. 4 -1(:07 3-375 3-875 1 IsS 11007 3.75 4.25 31 20
% D6 -1007 4 -125 4,625 - 22I7 t.344 . S.15 I/4 is

WITH VARIABLE '0: 8 -0 51 / 20NG:. -7, 9 8.1344 5.5 615 6 4 22

322 ALL OVER. .002 DIA.
Q TOL. ZONE 002 WIDE DIA.'G'& DIA:B" DATUM. CONC. 7OL.

.0 DI(4- OI'B''"D INTERFERENCE FIT WITH
0 0 0 9 BEARIN G .

R. & M. BEARING PDGLLEY/ROPE RATIO -

D.C.LY OROPE DIA.
2D.. 2 HARDNESS VICKERS 700 R O, & R Ii-x"IDCA75

TOOL STL. HARDEN 4 TEMPER , B=XWPILL C 60 R725

,I-- -I = =T

"--- ,CARRIAGE MAY BE
DISENGAGED FOR
ROPE INSPECTIOtN

-.... .... . DIt,-ERENTIAL SCREW
TO GIVE FINE TENSIONING m ____

I TURN a O.00'in. TRAVEL -

0a I

"K ROPE HELD BY SPLIT-
COLLPET GRIPS.

ADJUSTABLE FOX DIFFERENT
M A ROPE SIZES

;'I GwAUI,.NG DIM-•a.
155•J AS ?1HE

SLOTS 
TO

OAE VARIOUS 1 1

DIAMETERS. -L,

M/C OUARDS FOR RECIPROCATING PART5 (NOT SHOWN) FIG., .


